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SYSTEM FOR MONITORING AND REGULATING FUEL CONCENTRATION IN 

AN ANOLYTE 

(SISTEMA KONTROLYA I REGULIROVANIYA KONTSENTRATSII TOPLIVA V 

ANOLITE) 

Abstract 

The invention pertains to electric power generation, to systems for monitoring and 
regulating the condition of electrochemical generators in particular. The aim of the 
invention is to improve the accuracy of maintaining a predetermined concentration of fuel 
and to simplify the system. The system contains a fuel cell with load and a fuel pump, 
which is automatically controlled by a system that monitors and regulates the fuel 
concentration in the anolyte. As the indicator of concentration the system uses the 
parameter of short circuit current, determined by the divider unit, to the input of which 
the measured values of load voltages are supplied when an additional resistance is 
switched on and off, that is for controlled disturbances of the generator current. One 
illustration. 

The invention pertains to sources of electrical current, specifically to devices that 
provide automatic delivery of fuel to a fuel cell battery with compensation for lowered 
fuel concentration. 

The aim of the invention is to improve accuracy in maintaining a given fuel 
concentration and to simplify the power generating section of the system. 

A functional diagram of the fuel concentration monitoring and regulating system 
in the anolyte is shown in the drawing. 

The system contains a fuel cell (TE) 1 , load resistor 2, additional resistor 3, 
switching unit 4, timing oscillator 5, series resonant LC-loop 6, measurement resistor 7, 
amplitude detector 8, low pass filter 9, square-law function generator 1 0, divider unit 11, 
comparison unit 12, concentration set-point device 13, regulator 14 and fuel pump 15. 

The system works in the following manner. 

In steady-state mode of the fuel cell 1 at the frequency of the timing oscillator one 
hooks up the supplemental resistor 3 through the switching unit 4 in parallel with the load 
resistor 2. The supplemental resistor greatly exceeds in magnitude the load resistance. 




1/ 



-J *-«: " 



L 



As a result, periodic fluctuations of the current are created, which passes through the fuel 
cell, the size of which is selected to be so small that the fuel cell parameters remain 
practically unchanged within their range. 

By using the resonant series LC-loop 6, tuned to the frequency of the timing 
oscillator 5, a voltage drop is produced at the measurement resistor 7, whose amplitude is 
proportional to the change of the output voltage of the fuel cell, which is due to hooking 
up the supplemental resistor 3 . The size of the amplitude is measured by the amplitude 
detector 8 and is supplied to the input of the divider 1 1. The square of the fuel cell 
voltage is fed to the other input of this same divider. 

The quotient U 2 /U A produced at the output of module 1 1, where U is the fuel cell 
voltage, U A is the amplitude of the voltage at resistor 7, is proportional to the short circuit 
current of the fuel cell for values of its emf and internal resistance, which correspond to 
the existing concentration of the fuel and conditions of products in the anolyte near the 
electrodes. 

The index of fuel concentration deviation from the assigned value is the signal at 
the output of comparison unit 12. This signal influences, via the regulator, the fuel pump 
15, which changes the fuel concentration to the required value when the short circuit 
current of the fuel cell becomes equal to the value assigned by module 13. 

One can justify the validity of the above statement relative to the quotient at the 
output of the divider by solving the system of equations for the voltage at the fuel cell 
output with the supplemental resistor disconnected from and connected to the fuel cell 
(U, and U 2 respectively). For the condition that R n » R N , where R n is the size of the 
supplemental resistance 3, connected in parallel to the load resistance 2 (R N ) the short 
circuit current (I sx .) of the fuel cell is calculated from the formula 



Is.c. — E/R) 



fuel cell input : 



Where E is the electromotive force (emf) of the fuel cell, 
One obtains the following result of the calculations: 

Is.c^l/RnXlVUi-Uz 

Returning to the functional diagram of the monitoring and regulating system and 
considering that U, - U 2 « U, , we note that the series connected filter 9 and the square- 
law function generator 10 in practice generate U,, and the resonant loop 6, measurement 
resistor 7 and the amplitude detector 8 generate a signal that is proportional to U, - U 2 
Consequently, their quotient at the output of divider 1 1 actually is proportional to the 
short circuit current of the fuel cell. 

In this system an improvement of fuel concentration maintenance accuracy is 
ensured by the use of the fuel cell short circuit current as the concentration indicator 
which: ' 



Is directly related to the main parameters of the fuel cell as the source of electric 
power (emf) and to the internal resistance; 

Is a generalized indicator of the fuel cell condition, because the emf and internal 
SSfiltaJ 01 "* US6d ind6pendently) charac terize different aspects of the fuel 

r,H,,c Jt!* 6 7 St j ensitive t0 f chan 8 e of ^ concentration (reduced fuel concentration 
evZ^XZ™* rCSiStanCe ' bCCaUSe qU ° tient ChangCS t0 m 



Is determined in the system independently of the fuel cell load; 

Characterizes the important indicator of the fuel cell, as its load capacity (similar 
to checking the electrochemical storage batteries by using a high-rate discharge tester, but 
without consuming a lot of current). ' 

determi^SfT 688 ^ ?* monitorin g 311(1 regulating the fuel concentration is 
determined by the possibility of optimizing the operating conditions of new and future 
sources of electric power - electrochemical generators - by increasing the efficiency 
reducing the fuel consumption, and increasing the operating lifetime. In studying 

fofwS^h! 25 1 u & rTf d n yStem aUowa ° nC t0 ^ Uick, y find the combination 
tor which the load capacity of a fuel cell is maximum. 



CLAIMS 



Wl .^ SSte ; for monitonng and regulating fuel concentration in the anolyte, which 
includes a fuel cell with load, switching unit, timing oscillator, comparison unit with 
concentration set-point device, regulator and fuel pump is characterized by the fact the in 
order to improve the accuracy of maintaining a certain fuel concentration and to simplify 
«ie power generating part of the system, it additionally includes a divider, square-law 
function generator, low pass filter, series resonant LC-loop, amplitude detector 
measurement and supplemental resistors, whereby the first electrode of the fuel cell is 

*nZ C l t0 3 , C °Tu 0n bUS ' ^ SeCOnd electrode is connected t0 ^ load resistance 
and to the inpute of the switching unit, the series resonant LC-loop, and low pass filter 
the output of which is connected via the square-law function generator to the first input of 
the divider, the second input of which is connected via the amplitude detector to the 
common point of the resonant LC-loop and the measurement resistor, connected by the 
second end to the common bus. The first and second inputs of the comparison unit are 
connected to the outputs of the divider and the concentration set-point device 
respectively, and its output is connected through the regulator to the fuel pump The 
switching unit is connected by its control input to the output of the timing oscillator, and 
by its output i is connected to the supplemental resistor, the second end of which is 
connected to the second end of the load resistance and to the common bus 
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H306peTeHHW _ „ ^ 

roruiHBMMfi „ acoc "*" T c «arpy 3 Koft h 

! OK K °P°™oro aa^K^l aP3MeTp » Ka * 
Cjiokom flejieHHH, „ a 2!' on P e fleji fleM i,ifi 

Ha Harpy 3Ke n PH n„„? "* Han P»*eH H H 
*OKy reHeparopa? " St y "' eHHHX rto 



H3o6peTeiiHe o™oru, 
weKT PW ,ecKoro roKa J K HCTO ™HKa M 
PoficTBaM, oeecneMHp; HM6HH ° K 

no^y TonnMBa b^p"" .«"roMan,,ec- 
Pe» c Ko M ne„cZe a LZT^ 6aTa ~ 
PaUHH Ton/WBa. CHH5KeHH * koh^ Ht - 

Henb HaoepereHHB - „ 

^CT„ CHCr^M. ynP ° U,eHHe CWIOBoft 

HaH H cxe"Ma PT cHc Te nP b 7^ eHa ^""WOHaia- 

^XTr^ 3j7e . 

Aono,„„ Te ,^ o :° c np --;eH„ e Harpy3KH 2 
HyrHpy^fl 3Jle „e£?T HBJTem,e 3, KOM- 



HWft LC-KOHTVD fi 

THBjie Hue 7, «™S^ Tenw "* G ™Po- 

*«JII>Tp 9 HIOKHMX Mac^r 

' 3a flaT HHK 13 *„„„ W cpaBHe- 

" H TO^BH t r H e a H c T 0 Pa ^' Pery ~ 

CHCTewa Paeoraer "f 15 ° 
30M,- iaeT CJI eay»mHM q6pa- 

B yCTailOBMBmeMCJI 

reHeparopa 5 ve pe K 1° H MKTOB °"o 
3Jie "e«T 4 napa^eiH. yTHPyWBl » fi 

H °e conpoTHBjieHHe o C " Aonoj ™HTeju,- 
H«e Harpy 3KH . B Jf^^T coopothhjm- 
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mto6m b hx npeA^Jiax napaMeTpu T3 ocTa- 

BHJlHCb npaKTHMeCKH HeH3MeHHbIMH, 

C noMomwo pe30HaHCHoro nocnenoBa- 
TejibHoro LC-KOHTypa 6, HacTpoeHHoro 
Ha MacTOTy TaxTOBoro reHepaTopa 5, 

Ha HSMepHTeJIbHOM COnpOTHBJieHHH 7 $op- 

MHpyeTCH naAeHHe HanpnxceHHH, aMruiHTy- 
Aa KOToporo nponopuHOHanbHa H3MeHe- 
hhk> BbixoflHoro HanpnKeHHfl T3, o6ycjioB- 
jieHHOMy noAKJiioMeHHeM AonojiHHTeribHoro 
conpoTHBJieHHH 3. BejiHHHHa aMnjiHTyAM 
HSMepneTCH aMiinHTyAHbiM AerexTopoM 8 
h noAaeTCH Ha bxoa 6noxa 11 AeJieHHH* 
Ha APyroft bxoa 3Toro ace 6jioxa noAa- 
eTCH KBaApar HanpHKeHHH T3. 

IloAyMeHHoe Ha BbixoAe 6jioxa 1 1 Macr- 
U 2 

Hoe — , rAe U - HanpnxceHHe T3; U A - 
aMiuiHTyAa HanpnaceHHH Ha pesHCTope 7, 
nponopuHOHajibHo Toxy xopoTxoro saMbi- 
xaHHH T3 npH 3Ha*ieHHHx ero 3JIC h 

BHyTpeHHerO COIipOTHBJieHHH, COOTBeTCT- 

Byronpix HMewmeflcn xoHueHTpauHH toiuih- 
Ba h coctohhhio npoAyxTOB b aHoJiHTe 

b6J!H3H 3JieXTpOAOB # 

IIoxaaaTejieM OTicnoHeHHH xoHueHTpa- 
LpiH TomiHBa ot saAamioro SHa^eHHH cny~ 
3kht CHrHan Ha BbixoAe sjieMeHTa 12 cpaB- 
HeHHH, 3tot CHrHan ^epe3 peryjiHTop 
B03AeftcTByeT Ha ToruiHBHbrit Hacoc 15, 
HSMeHHwu^fft xoHixeHTpamno ToruiHBa ao 
TpebyeMoro 3HaMeHHH, Koffla tok XOpOT- 
KOrO SaMblKaHHH T3 CTaHOBHTCH paBHbIM 

aaAHHHOMy 6jiokom 13 3HaMeHHK> 0 

B cnpaBeAJTHBOCTH Bbicxa3aHHoro yT- 
BepsKAeHHH oTHocHTejibHo ^acTHoro Ha 
BbixoAe 6jioxa AeJieHHH moxho ydeAHTbcn, 
petnHB CHCTeMy ypaBHeHHft ahh Hanpnace- 
hhh Ha BbixoAe T3 npH o t xjiK>Me hh qm h 
noflKjiw^eHHOM k T3 AononHHTenbHOM co- 

IIpOTHBJlBHHH (cOOTBeTCTBCHHO U < H Ug ) . 

UpH ycjioBHH, *rro R n » R M , rAe R n - 
BenHMHHa AononHHTejibHoro conpoTHBJie- 
hhh 3, noAKjnotieHHoro napanjienbHo co- 
npoTHBlieHHk) Harpy3XH 2 (R M ), a tok 

KOpOTKOrO 3aMbIXaHHH (i^) T3 BbWHC- 

jineTCH no $opMyjie 



, rjxe E - 3flC T3, 

nojiyMaeTQH cJieAywmHH pe3ynbTaT bw- 
tofcneHHft: 

. T = 1 . 

A M- R„ U 4 - 
BosBpamaHCb x 4>yHXUHoHanbHoft cxe- 

Me CHCTGMbX KOHTpOJTH H pe ryJIHpOBaHHH 

h ymrbman, nro U« - U 4 « U 1 1 oTMe- 
. TjaeM, *ito nocneAOBaTejibHO BXJiioHeHHbie 
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/ (J)HJIbTp 9 H KBaAPSTOp 10 npaKTHHeCKH , 

<i)opMHpyK)T U^, a pe30HaHCHbift xoHTyp 6, 
H3MepHTenbHoe conpoTHBJieHHe 7 h aM- 
TUlHTyAHblH A^TeXTOp 8 <bopMHpyroT cnr- 
Haji, nponopuHOHaJibHbift U 4 - • GneAOBa- 
TenbHo, hx wacTHoe Ha BbixoAe ^noxa 11 
AeneHHH AencTBHTejibHo nponopuHOHajibHo 
Toxy xopoTxoro 3aMbixaHHH T3« 
^0 B cHCTeMe noBbnneHHe tomhocth noA^ 
A^p^caHHH KOHueHTpauHH ToruiHBa o6ecne- 
MHBaeTCH npHMeHeHHeM b xa^ecTBe noxa- 
3aTenn xoHueHTpauHH Toxa xopoTxoro 
3aMbixaHHH T3, xoropbift: 

^5 HenOCpeACTBeHHO CBfl3aH C OCHOBHblMH 

napaMeTpaMH T3 xax HCTOMHHxa sjiexTpH- 

^leCKOH 3HepPHH (3AC) H BHyTpeHHHM 
COIlpOTHB JI6HH6M J 

HBJineTCH o6o6meHHbiM noxasaTeJieM co- 
20 ctohhhh T3, Tax xax 3flC h BHyTpeHHee 
conpoTHBJieHHe (npH hx cawocTOHTejibHOM 
Hcnojib30BaHHH) xapaxTepH3ywr pa3Hbie 

CTOpOHbl COCTOHHHH T3 ; 

HBJIHeTCH HaHbOJiee MyBCTBHTeJlbHbil K 

25 HSMeHeHHio xoHueHTpanHH TonjiHBa (yMeHb- 
meHHe KOHueHTpauHH ToruiHBa yMeHbiuaeT 
3flC h yBenHMHBaeT BHyTpeHHee conpoTHB- 
JieHHe, Tax MTO HX MaCTHOe HSMeHHTCH 

b eme GoJibineft cTeneHH) ; 
■ b cHCTene onpeAenneTCH He3aBHCHMo 
ot Harpy3XH T3; 

xapaxTepH3yeT Taxon Ba»cHbift noxa3a- 
Texib T3, xax ero Harpy30MHan cnocob- 
HocTb (aHanora^Ho npoBepxe ajiexTpo- 
xHMHMecxHx axxyMyjiHTopoB C nOMOIUbK) 
35 Harpy30MHoft bhjixh, ho 6e3 norpe6jie- 
hhh Sojibraoro Toxa) . 

34><iieXTHBHOCTb CHCTeMbI KOHTpOJIH H 

peryjiHpoBaHHH xoHueHTpauHH TonnHBa 

OnpeA^JIHGTCH B03MO)KHOCTbK> 0nTHMH3aHHH 

*G pe»HMOB paSoTbi HOBbix h nepcnexTHBHbrx 

HCTOMHHKOB SJieKTpHMeCKOH SHeprHH - 

3jiexTpoxHMiraecxHX reHepaTOpoB - no- 
cpeACTBOM yBejiHMeHHH KI1/T, yMeHbmeHHH 
pacxoAa ToiuiHBa, yBeJiH^eHHH 3xcanya- 
^5 rauHOHHoro pecypca, Ilpn HccJieAOBaHHH 
pa3JiHMHbix komiiohbhtob TonjiHBa npeAJia- 
raeMan cncTeMa no3BOJineT 6wcTpo Hafi- 
th TaxyK) hx xoM6HHauHK>, npn kotopoA 
Harpy30MHa« cnoco6HocTb T3 oxa3biBaeT- 
50 ch MaxcHManbHoft. - 

OopMyjia H3o6peTeHH« 

CncTeMa xohtpojih h peryjiHpoBaHHH 
55 xoHAeHTpau>iH TOitriHBa b aHOJiHTe, bkjiw- 
^aroman TortnHBHbift 3jreMeHT c Harpy3xofi, 
xoMMyTHpywu;HH sjieMeHT, TaxTOBbift re- 
HepaTop, SJieneHT cpaBHemin c 3aAa™- 
xom xoHueHTpauHH, peryjiHTop h tonjiHB- 
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Hbift Hacdc.o TjiMMaromascH 16 
re M , mto, c qaribio noBbiuieHHH tomhocth 
no OT ep«aHHH aaflaHHofl KOHueHT Pa „„„ 
TonjiHBa h ynpomeHHH chjioboA iscth 
cHcreMw, b Hee AonojmHTem,Ho B B en e „ bI 

CHbifl LC-KOHxyp, aMnjiHTyflHbrfi A eTeKTop 
HSMepHTenbHbiB h AonojiHHTejibHbrfi pe - 
3hctop M , npHHeM nepBbifi 3Jie K T P oA ron- 
JiHBHoro 3 ne M eHTa coe«HHe H c odmeft 
mHHoft, a BTopoft - c Harpy 30 MHbiM co- 

npOTHB/ieHMeM, C BXO^aMH KOMMyTHpy— 

tomero 3/ieMeHTa, nocjieflOBaranbHoro pe- 
soHaHCHoro LC-KOHrypa h <J«jibTpa hhk- 
hhx MacTOT, Bbixofl KOToporo vepea 
KBaaparop c Q e fl HHeH c nepsbiM bxoaom 
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6J10K3 AejieHHH, BTOpoft bxoa Korp'poro 

coeaHHeH Mepes ammHTyAHwfi AeTeKTop c 
o6meft TOTKofl peaoHaHCHoro LC— KOHTypa 
5 h H 3M epHTejibHoro peaHCTopa, bto P wm 
kohaom coeAHHeHHoro c o6meft nmnoft, 
nepBbift h BTopoft BxoAbi 3 jie M eHTa cpa B He 

HHH COeAHHeHbl COOTBeTCTBeHHO C BbKO- 

A3mh 6jioKa AeneHMH h aaAa-nmica koh- 
ueHTpaitHH, a ero BbKOA nepes peryiw- 
top noAKJHoveH K TonjiHBHOMy Hacocy, 

KOMMyTHpywiUHft 3JieM6HT ynpaBJIHKHimM 
BXOAOM COeAHHeH C BbKOAOM T3 KTosoro 

re H epaTopa, a BbKOAOM noAKraoMeH k flo- 
nojiHHTejibHOMy peaHcropy, BTopoft ko- 
Heu KOToporo coeAHHeH c btopum xoh- 
Uom conpoTHBneHHa HarpyaxH h c o6meft 

niMHOft. 
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